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FOREWORD REV. A

This report is cne of a series prepared by The Boeing Vertol
Company, Philadelphia, Penncsylvania for the National Aero-

nautics and Space Administration, Ames Research Center, Moffett
Field, California under contract NAS2-6598, The studies reported
urider Volumes I through IV and VIII through X were jointly funded

by NASA and the U.,S. Army Air Mobility Research and Development
Laboratory, Ames Directorate. Volumes V through VII were

funded by the U.S. Air Force Flight Dynamics Laboratory, Wright
Patterson Air Force Base, Ohio,

This contract was administered by the National Aeronautics anct
Space Administration. Mr. Richard J. Abkott was the Contract

Administrator, Mr. Gary B. Churchill, Tilt Rotor Research

Aircraft Project Office, was the Technical Monitor, and coor-
dination and liaison with the U.f. Air Force Flight Dynamics

Laboratory was through Mr. D, Fraca,

The complete list of reports published under this cortract is
as follows:

Volume I -- Conceptual Design of Useful Military and/or

Commercial Aircraft, NASA CR-114437

Volume II ~- Preliminary Design of Research Aircraft, NASA

CR-114438

Volume III =-- Overall Research Aircraft Froject Plan, Schedules,

and Estimated Cost, NA3A CR-114439

Volume IV =- Wind Tunnel Investigation Plan for a Full Scale

Tilt Rotor Research Aircraft, CR-114440

Volume V -~ Definition of Stowed Rotor Research Aircraft,

NASA CR-114598

Volume VI -~ Prelimirary Design of a Composite Wing for Tilt
Rotor Aircraft, NASA CR-114599

Volume VII -~ Tilt Rotor Flight Control Program Feedback Studies,
NASA CR-114600

Volume VIII

Mathematical Mcdel for a Real Time Simulation of
a Tilt Rotor Aircraft (Boeing Vertol Model 222),
NASA CR-114601

Volume IX =-- Piloted Simulator Evaluation nf the Boeing Vertol
Model 222 Tilt Rotor Aircraft, NASA CR-114602

Volume X -=- Performance and Stability Test of a 1/4.622 Frovude
Scaled Boeing Vertol Model 222 Tilt Rotor Aircraft
(Phase 1), NASA CR-114603
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ABSTRACT

This report presents the results of a study of the use of com-
posite materials in the wing of a tilt rotor aircraft. An all-
metal Search and Rescue (SAR) tilt rotor aircraft was first
defined to porvide a basis for comparing composite with metal
structure. A configuration study was then done in which the
wing of the metal aircraft was replaced with composite wings

of varying chord and thickness ratio. The results of this

study defined the design and performance benefits obtainable

with composite materials. Based on these results the aircraft

was resized with a composite wing to extend the weight savings

to other parts of the aircraft. A wing design was then select-

ed for detailed structural analysis. A development plan
including costs and schedules to develop this wing and incor-
porate it into a proposed flighit research tilt rotor vehicle

has been devised.
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1.0 SUMMARY

This report presents the results of a study conducted by the
Boeing Vertol Company to define the effects of the use of
composite materials in the wing of a tilt rotor aircraft.
The objectives of the study were:

1. to define the aesign and performance benefits

obtained with composite materials

2. to design a composite wing for the tilt

rotor research aircraft

3. to establish a development plan for a composite

wing for the tilt rotor research aircraft

The USAF SAR aircraft described in Reference 1 was used as a
basis for the study. Since this aircraft was designed with

some composite structure, it was resized to an all-metal con-
figuration. The all-metal tilt rotor aircraft was used as a

basis f»>r comparison.

To determine the optimum wing configuration,two parametric
trade studies were conducted. In th. first wing chord was
held constant and thickness was varied. In the second thick-
ness ratio was held and chord was varied. Thes studies were
detailed enough to show the effects of changing chord and
thickness on the drag and weight of the wing and particularly
to show the cross over point between the strength critical and

stiffness critical design conditions.

1-1
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Three design point aircraft were defined for purposes of com-
parison, The first is the all-metal reference aircraft de-
scribed above. The second is a resized composite wing aircraft
in which composite materials were used for the entire wing and
the resizing was done to extend the weight savings tc other
parts of the aircraft. The third design point iz si''ply the
all-metal aircraft with a composite wing. 1In this cise the
wing weight saving was taken as a payload or performance
benefit,

Gross weights and rotor diameters of these three aircraft

are compared with the aircraft of Reference 1 in the following

table:
Rotor Dia, Design GW A Weignt A Weight
Aircraft Feet Lbs Lbs %

Reference 1 (Moderate

use of composites

throughout) 27.0 16,970 ~1,055 ~6.2
All - metal 28,9 18,025 rmcma—— -—-
All - metal plus max

use of composites in

wing only 28,9 17,650 =375 -2.1

All - metal plus com-
posite wing - resized 2/.1 17,242 - 733 -4.3

It may be noted that on the third aircraft (compcsite wirg only.
not resized) the only weight saving is the 30% r1.uuction in
wing weight from 1,250 to 875 pounds.

A wing configuration was chosen for further study and u

design and stress analysis done. A simple two-spar zonfig-

uration was chosen for the wing torque box with a spanwice

1-2
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D222-10060-2
well in the upper surface for the cross shaft. The torque
box is a honeycomb shell consisting of Boron-Epoxy facings

on a fiberglass honeycomb core.

A development plan has been devised which considers the
design, construction, and testing of a composite wing for the
tilt rotor research aircraft. In order to arrive at a minimum
cost program, only the main spar torque box is built in
composites for this program., The auxiliary surfaces (flaps,

umbrellas, etc.) are existing metal components.

1-3
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2,0 INTRODUCTION

In March 1972, the Boeing Vertol Company completed a study of
tilt rotor aircraft under the joint sponsorship of NASA and
the U.S. Army (References 1 - 4)., Part of that study (Refer-
ence 1) covered the conceptual design of useful military and
civil tilt rotor aircraft for the 1975-1980 time period.
Compusite materials were utilized as a means of reducing
airframe structural weight. In that study the weight factor
for ccmposites was taken as 15%. Design studies and prototype
test data have indicated, however, that larger savings could

be realized with present technology.

Consequently, the Boeing Company was asked by the U.S. Air
Force Flight Dynamics Laboratory, through an add-on to the
NASA contract, to investigate the use of composite materials
in the wing of a tilt rotor aircraft. The objectives of this

study were as follows:

1. to define the design and performance improvements

a composite wing provides for tilt rotor aircraft

2, design a composite wing for the tilt rotor SAR

aircraft

3. establish a development plan for a composite wing

for the tilt rotor research aircraft

This report presents the results of the study. The preliminary

design studies required to define the optimum wing configuration

2-1
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are described in Section 3, The advanced design of a compo-
site wing is described in Section 4 and the development plan

in Section 5.
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3.0 PRELIMINARY DESIGN STUDIES

3.1 INTRODUCTION

A study was performed to show the potential benefits obtainable
from the application of composite materials to an advanced

type of VTOL aircraft - the tilt rotor. A promising operation-
al application for the tilt rotor configuration - a USAF search
and rescue (SAR) mission - was chosen for this study. This
application for the tilt rotor concept had previously been
studied by Boeing during 1971-72 in a NASA/Army sponsored
"V/STOL Tilt Rotor Aircraft Study" (Referenca 1;. Moderate
application of composites to the fuselage, wing, and empennage

was assumed for the aircraft defined in that study.

The present study examines in more detail the application of

composites to the wing only with the following objectives:

(1) To show the improvements in mission performance
achievable by applying composite materials to the wing
alone of an all-metal search and rescue tilt rotor
aircraft.

(2) To show the overall weight and size benefits obtain-
able by r-sizing the total aircraft structure to take
advantage of the reduced wing weight - even though

composites were still applied only to the wing.

To provide a basis for comparison, the SAR aircraft of

Reference 1 was resized to an all-metal structure.

3-1
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(For reference, some of the characteristics of the Reference

1l aircraft are tabulated below.)

M222-1F SAR TILT ROTOR (REF, 1)

Gross Weight (1b) 16970
Weight Empty (1lb) 11500
Wing Area (sqg. ft.) 186
Wing Span (ft.) 34.4
Thickness ratio (t/c) 21%
Rotor Diameter (ft.) 27.0
Solidity Ratio .133
Power Plant (2) Lycoming PLT-27
Rated Power (Shp) 1950

In the remainder of this section, the criteria for aircraft
sizing are first discussed (Section 3.2), followed by a
description of the all-metal aircraft and its performance
(Section 3.3). The effects of applying composite materials
to the wing of the all-metal aircraft are then shown in
Section 3.4. This study included the variation of wing
geometry (thickness and chord) to determine whether secondary
benefits could be credited to the use of composites by making
changes in the wing geometric design. Section 3.5 discusses
the effect of resizing the remainder of the aircraft structure
to take advantage of the lighter wing. These preliminary de-

sign studies are then summarized in Section 3.6.

3-2
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3.2 DESIGN CONSIDERATIONS

3.2.1 Design Mission Profile
All aircraft were sized to perform a 500
NM Searci and Rescue (SAR) misgsion (Figure 3-1). This is a

"HI-HI" mission congisting of a takeoff at SL/95°F, climb to

optimum altitude, cruise out at NRP to the 500 NM radius, hover

for 1/2 hour at 5000£ft/95°F and recover three (3) rescuees,
and return without inflight refueling. The optimum cruise

altitude (based on minimum fuel) was found to be 20,000 ft.

The aircraft were assumed to carry a four-man crew consisting
of two pilots, a crew chief, and a paramedic. The mission
load was specified at 150 1lb of rescue equipment (litters,
forest penetrator, rescue sling, et.), airbcrne electronica
and equipment required to locate the rescuee, and a 5.56mm

machine gun and ammunition.

The engines, rotors, and drive system were sized by an alter-
nate mission requirement. This was that the aircraft be cap-
able of hovering at the mission midpoint at T/W=l.1l with a

total of seven rescuees - the additional four rescuees being

the crew of a downed sister ship. It was assumed that inflight

refueling would be allowed under these conditions so that the
mission fuel requirement is determined by the basic mission

shown in Figure 3-1.
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3.2.2 Propulsion System
3.2.2.1 Engine Cycle
In the Reference 1 study the Lycoming PLT-27 engine rated at
1950 horsepower was chosen to power the SAR tilt rotor aircraft.
This engine met the midpoint hover requirement with a reason-
able rotor diameter. This engine has been retained in the

present study.

3.2.2 Trarsmission and Rotor Design
The transmissions and rotors were structurally designed by the
maxiinum rated horsepower of the engine at the hover rpm. That

is, no transmission torque limits were applied at hover rpm

but power was limited to 70% of sea level maximum at cruise rpm.

The rotors considered in the study were assumed to be of the
same hingeless design as the rotor defined for the Tilt Rotor
Research Aircraft in NASA CR-114438, "Preliminary Design of
Research Aircraft", Reference 2. The blades were assumed to
be rectangular in planform ard to utilize the BV23010-1.58
airfoil outboard of the biade cuff. The same basic design and
type of construction was assumed and the same weight factors

waere used.

3.2.3 Aircraft Drag

A simplified drag model was used for sizing the design point
aircraft. The model represents the drag of the aircraft as
linear functions of wing area. The methods of Boeing Document

£8-21%{ -1, "Drag Estimation of V/STOL Aircraft", Reference 7,

3-5
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were used to calculate the intercept and slope of the trend
curve. The drag trend used i3 shown in Figure 3-2. This curve

is identical to that shown for the SAR aircraft in Reference 1.

In the composite wing trade study parametric variations of
wing drag with wing chord and thickness ratio were computed.
These values were then used to increment the basic f_ of the
baseline aircraft. The procedure and drag values used are

discussed in mora2 detail in Section 3.4.1.

3.2.4 Criteria for Selecting Design Point Aircraft
The design point aircraft were sized to the m'ssion require-
ments discussed in Section 3.2.1. Additionally, the following

design constraints were imposed:

1. Thrust-weight ratio capability at the mission
mid-point of at least 1.1 with seven (7) rescuees

2. Maximum hover disk ioading of 15 psf

3. Roterr solidity greaéer than .058

4. Wing chord to rotor diameter ratin of 0.2

In general, these constraints are the result of practical con-
siderations in the design of tilt rotor aircraft. The disk
loading limit, for example, was imposed to avoid excessive
downwash velocities in hover. Downwash velocity is directly
related to disk loading. At nigh disk loadings, the resulting

high dowawash velocities would tend to hamper rescue operations.
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A maximum thrust coefficient-to-solidity ratio, Cp/0=0.135,

was used, baged on stall [lutter considerations. liowever, in

no event was the solidity permitted to go below a value of 0.058.

The rotor solidity limit is based on practical design and manu-

facturing considerations related to blade torsional and flap-

ping stiffness requiremcnts. As rotor blades become narrower

0

and thinner at the lower solidities it becomes more and more
difficult to tune them and still meet design fatigue life

requirements.

The chord-diameter ratio value used is a nominal value selec-

ted on the basis of previous design experience. It has been

found that C/D=0.2 gives wing aspect ratios that provide ade-

quate control of the static divergence and whirl flutter modes

without excessive weight and performance penalties. The effect

of chord-diemeter ratio on mission performance has been investi-

gated in this study and is discussed in Secticn 3.4.2.

Fixing chord-diameter ratio fixes wing configuration because
span has also been specified as a function of diameter. Thus
wing loading is a function of disk loading and rotor diameter
becomes the design parameter. Tr procedure for sizing the
design point aircraft then become a matter of sizing aircraft
for a series of rotor diameters and determining the minimum
weight configuration corresponding to the most critical of the

first three design constraints.

3-8
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3.2.5 Wing Structural Design Criteria

Wing structural design criteria for the study are based on

those established for the Model 222 tilt rotor research air-
craft in Reference 5. 1In general the same loading criteria
were applied except that the limit load factor was reduced to
2.67 to match that used in the Reference 1 design study. Stress
allowables used are based on current 3oceing practice for com-

posite materials.

3.2.6 Composite Weight Factors

Analytical studies, complemented by actual hardware development,
have established a 30 percent weight reduction potential for
advanced composite material. A survey paper, "Weight Predic-
tion Techniques and Trends for Composite Material Structure",
presented at the 30th annual SAWE mez:ting in 1971 (Reference

6) identified 21 aerospace st:ructural components made from
advanced composites. Further research was done to identify the
actual weight savings achieved compared to that predicted by
the various analytical studies. The following table is re-

produced from Reference 6.

Based on this analysis a weight reduction factor of 30% for a
ccmposite wing was used in this study. This reduction was

agreed upon by the Air Force early in the study program.

3-9
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3.3 ALL METAL AIRCRAFT

3.3.1 Description

To provicde a baseline ag.iinst which to measure the henefits
obtainable with compositer., the SAR aircraft of Reference 1
was resized to an all-metul configuration. This was necessary

because that aircraft had some composite materials in it.

The parametric sizing results are shown in Figure 3-3. The
data shown are: disk loadirg, midpoint thrust-weight ratio,
and gross weight. As noted, the aircraft is sized by che

midpoint hover requirement. This gave a design gross weight

of 18025 1b at a disk loading of 13.8 psf. The characteristics

- of the aircraft gr2 summarized in the following table.

Design Point All-Metal Aircraft Characteristics

Gross Weight (1b) 18,025
Weight Empty (1b) 12,380
Aspect Ratio 6.29
Wing Area (Ft?) 210.1
Wing Span (Ft) 36.35
Wing Chord (Ft) 5.78
Taper Ratio (A)/Sweepback (A) 1.0/0
Wing Thickness (%) 21
Wing Loading (Lb/Ft2) 85.8
Rotor Diameter (Ft) 28.9
Chord to Diameter Ratio 0.200
Rotor Solidity Ratio .08
Disk Loading (Lb/Ft?2) 13.8
Design Cp/o .135
Power Plant (2) Lycoming PLT-27
Rated Power @ SL/STD (SHP) 1950

A summary weight statement for the aircraft is presented in

Table 3-2,

3.3.2 Performance

The performance characteristics cf the all-metal aircraft are

3-11
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,': B 11127222 yyyrry.
' \_ DISK LOADING LIMIT
prsg 4 fe—— - - .
; LOADING
PSF
12 4
'
101
l.2 -
MIDPOINT
THRUST-WEIGHT
RATIO ‘7:?777"’7777777777ﬂ==*
N MINIMUM T/W WITH
03 SEVEN RESCUEES MIDPOINT THRUST-WEIGHT
ABOARD % RATIO
.8 ]
19000W,
pEsiSE
18500 18025 T.R —
GROSS .
WEIGHT o pOIN
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17000 ¢
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16000 1
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ROTOR DIAMETER FT
; FIGURE 3-3. ALL-METAL SAR TILT ROTOR PARAMETRIC

o

SIZING RESULTS
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TABLE 3-2:

SUMMARY WEIGHT STATEMENT USAF -

SAR CURRENT MAT'L. & TECH.
ENG H,P, EA 1950
ROTOR DIA/e&~ 28.97.08
WING AREA 210 Fr2
ROTOR GROUP 1203
WING GROUP 1250
TAIL GROUP A
BODY GROUP.
PASIC
|__seconpary. Pl 2300
SECOND, -DOQRS, EIC,
ALIGHTING GEAP ) 1
 FLIGHT CONTROLS 1385
ENGINE SECTION 350
PROPULS | ON_GROUP (2692)
ENGINES(S) 620
41R_INDUCTION
EXHAUST SYSTEM +=7200
COOLING SYSTEM /
LUBRICATING SYSTEM
FUEL SYSTEM 445
ENGINE_CONTROLS )Y
STARTING SYSTEM e ]
PROPELLER INST.
*DRIVE SYSTEM 1427
AUX, POWER PLANT
_INSTR, _AND NAV, 135
S LLHyor, anp pnEU, 130
S L ELELTRICAL GROUP 800
o L ELECTRONICS GRQUP 1400 ’
Z1 ARMAMENT GROUP 175
| FuRN, & EQUiP, GROUP 350
= PERSON, ACCOM,
MISC., EQUIPMENT
FLRNISHINGS
EMERG. EQUIPMENT
JJarecone. ¢ pe-icimne 100 R S
wl PHOTOGRAPHIC HE
2L AUXILIARY GEAR 110 _
z
-
MEGL 3SRIATION
=1 WEIGHT EMPTY 12380
FIXED USEFUL LOAD
CREW (4) 860
5 TRAPPED L1QUIDS 40
« 'NGINE O1L
MISSION EQUIP.| 150 ]
FUEL 4450
CARCU
1 _PASSENGERS/TROQPS
GUN & AMMO 145
HOGS WETG N7 -
| |

FORM 26390 '6-66}
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summarized in Figures 3-4 and 3-5. The data are presented for
18025 1b gross weight and include hover ceiling, flight envelope,

and climb characteristics.

The aircraft can hover at its design gross weight at about 3600
ft on a hot day (95°F) and over 8000 ft under standard day con-
ditions. (Figure 3-4) These data are based on a thrust-

weight ratio ¢f 1.1 which allows 5% margin for download and 5%

for maneuverability.

Cruise mode performance is summarized in Figure 3-5. The air-
craft is capable of 320 kt at normal power up to 5000 ft and
can exceed 300 KTAS up to 17000 ft. The aircraft has adequate
climb performance o¢nd has absolute ceilings in excess of

25000 ft.
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lOOOOW-
8000 4
950 DAY
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DAY
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4000 |
2000 4
DESIGN 7
GROSS
WEIGHT \\\
0 4 - 4 $ +- <
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HOVER /‘3ROSS WEIGHT ~ LB
NOTES $
1. T/W=1,1
2, Military Power
3. Rotor Tip Speed: 750 FPS
4., Design Gross Weight: 18025 LB
FIGURE 3-4, AUL-METAL SAR TILT ROTOR OGE HOVER CEILING
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2. Vprp = 525 FPS (70%
max.) except as noted
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3.4 COMPOSITE WINC CONFIGURATION STUDIES '

The first objective of the study was to determine the perform-
ance benefits obtainable with composites as affected by wing
geometry. This was done by replacing the metal wing of the all-
metal aircraft (Section 3.3) with composite wings and varying

geometry and then <computing the mission performance of the

modified aircraft.

Wing geometry was varied in two ways: in the first the base-
line wing planform was used and thickness ratio was varied from
15% to 24% - the characteristics of these wings are tabulated

as follows:
cho."d - 5.78 ft
span - 36.33 £t

aspe~t ratio - 6.29

area - 210.1 ft?
thickness - 15 to 24%¢
chord/diameter - 6.2

In the second series, the baseline thickness ratio (21%) was
used and chord was varied from 4 to 8 feet. The planform

characteristics of these wings are shown in Figure 3-6.

The drag of the wings was estimated using the methods of
Reference 7. The resulting drag increments for the composite
wings are given in Figure 3-7. These values were added to the

fo of the baseline aircraft.
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NOTES :
l. Span = 36.33 Ft.
AREA
FT2
320
1
280 ]
PLANFORM AREA
240§ CHORD DIAMET |
RATIO
47
200 L
3] ASPECT RATIO
160 $
24 |
120 ¢ .
— |
14
80 }

Ve

ASPECT

RATIO
10,

‘? Y + —+ =+ + aas
' 4 5 6 7 8
WING CHORD - T,

FIGURE 3-6: PLANFORM CHARACTERISTICS OF CONSTANT
THICKNESS RATIO WING SERIES
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DRAG AREA

INCREMENT
(fe)

.64
CHORD VARYING ///

.44 t/c CONSTANT /\/
{t/c = 21%) t/c VARYING
/ - CHORD “ONSTANT

/ (c = 5.78 £7T)
.24 —

-.20 / fe vs t/c

4/
/// fe VS CHORD

~-.6¢
14 16 18 20 2 24
THICKNESS~CHOKD RATIO, t/c - %
4 5 6 7 8 9
CHORD - FT.

FIGURE 3-7: DRAG AREA INCREMENT BETWEEN COMPOSITE WINGS
AND BASELINE ALL-METAL WING
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A structural analysis was done to obtain the‘weights of the
composite wings. This was done so that the weights would re-
flect the effects of wing design ground rules particularly
with regard to strenc“h and stiffress requirements (Sect.on
3.2.5). The resulting wing weights are shown in Figure 3-8.
i: will be noted that the wings become stiffness ¢. -tical at
thicknesses below 17.15% and chords below 4.55 ft in the
thickness and chord trades, respactively. At higher thickness

and thord values the wings are strengti. critical.

The VASCOMP program (Reference 8) was used to compute the per-
formance of the aircraft with the different wings. These re-

sults are presented in Figures 3-9 through 3-12.

The performance benefits obtainable with composites are ex-
pressed in two ways: 1in terms of the improvement in meximum
rescue weight capability and in turms of the additional radius
or midpoint hover time obtained a*% a given rescue capability.
In the first case takeoff gross weight was reduced to take
advantage of the reduced weight of the composite wing Fuel
required was computed for the SAR mission profile (Sectior
3.2.1). (VASCOMP has 2 procedure thit solves for TOGW when
OWE and payload are given.) The reduced grcss weight at the
midpoint allowed an increase in the maximum rescue weight.
These benefits are indicated by the cu.ves labeled "Coactant

Mission Capability" in Figures 3-9 and 3-1ll.
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12004 \\ ALL-METAL SAR“"
- WING \ TILT ROTOR
s . WEIGHT ~
. ’ = LB \
g 800 {
: STIFFNESS STRENGTH
: ‘ CRITICAL CRITICAL
¥
Y CONSTANT CHORD - ¢ = 5,78 FT
T
’ 0
A V' 14 16 18 20 22
' THICKNESS-CHORD RATIO, t/c - %
~ 1200+ \ EKALL—METAL SAR TILT ROTOR
WING
. WFIGHT
% : - LB
i
5 800 &
. STIFFNESS STRENGTH
i CRITICAL CRITICAL
} 4004
*
e CONSTANT THICKNESS~CHORD RATIO
o - t/c = 21%
: 0 H/L .l b '\ R ~—
{j‘ ' 4 5 [ 7 &
C}IORD - 1"1'.
i
i FIGURE 3-8: COMPOSITE WING WEIGHT FOR WING PARAMETER
i STUDY
A
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In the second case takeoff gross weight was specified as

18025 1lb. and the benefits due to the composite wings were put
into an increased fuel load. ‘his allowed either the mission
radius to be increased over the basic 500 NM or the midpoint
Lover time to be increased over the basic 30 min. The maximum
resuce capability in this case was maintained at 1400 1lb or
seven rescuees. The radius and hover time improvements are
indicated by the curves labeled "Const TOGW" in Figures 3-10
and 3-12.

Also shown for refe.cence are the all-metal and resized compo-
site wing aircraft described in Sections 3.3 and 3.5, re-
spectively, and the design point aircraft obtained by replacing

the metal wing with a composite wing.

It wils be noted in ceneral that the curves reflect the strength
critical - stiffness critical crossover resulting from the struc-
tural analysis. The benef ts due to composites decrease rapidly
as thickness or chord is decreased below the crossover because

of the rapid increase in wing weight,

When constant mission capability is specified, replacing the
metal wing with one of composite construction increases the
rescue capability by more than 350 1lb. With thicknesses greater
than 19% or chords greater than 5.4 ft, two additionai men can
be picked up with a small margin in capability. The reduction

in takeoff gross weight in these cases is about 500 lb.

-
I
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When takeoff gross weight is fixed the composite wing will give

mission radius increases =~ 50 miles or more or midpoint hover

time increases in the 15 to 20 minute range. Note that these

T T RL YR R A v il
et ot SRR AT NG
- ! K

+

cases are mutually exclusive. The additional fuel can be put

g 28
LR

Ny PRNROWRL YL LR
[
» %
¥

£ into additional range or additional hover endurance but not
5 b both. Of course, both radius and endurance could be increased
L
3§ simultaneously, but not to the maxima shown.

NS I

The effect of composite construction in the wing is further
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v
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iliustrated by the design point aircraft shown in Figures 3-9
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to 3-12. Replacing the metal wing with a composite wing re-
duced gross weight by about 500 1lb. The reduced wing weight

is reflected in empty weight and mission fuel. Resizing the

g

aircraft with composites in the wing gave gross weight reduc-
tion of about 750 lb and decreased the rotor diameter from

28.9 ft to 27.1 ft. These comparisons are discussed in greater

4

Y BRI : A AT B -

detail in Section 3.6.

The all-metal aircraft was used as a basis for the wing struc-
tural analysis presented in Section 4. The design gross
weight used in the calculations shown reflects just the
reduction in empty weight due to the reductinn in wing weight.
Maximum fuel for the all-metal aircraft was used in the struc-

tural aralysis.
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20 ¢
TAKE OFF GROSS WEIGHT
- NOTES :
1. AR = 6,29
2. Sw = 210.1 Ft2
19 ¢
TOGW CONSTANT TOGW - 18025 LB
;BIOOO Zr JFALL-METAL TILT ROTOR
18 | - . &
~— JFALL—METAL W/COMP ,WING
| - = -
17 1 : MrEs1zED comp.wING T/R
STIFFNESS™ Tor
STRENGTH “~CONSTANT MISSION CAPABILITY
CRITICAL CRITICAL (TOGW VARYING)
16 L o
14 16 18 20 22 24 26
THICKNESS-CHORD RATIO, t/c ~ %
. MAXIMUM RESCUE CAPABILITY
20 ~ 10 ALL-METAL W/COMP.WING
_ NO. OF | o —
X 9 RESCUEES o -
a t //+,,_——— CONSTANT MISSICON CAPABILITY
i 6l s - (TOGW VARYING)
' MAX IMUM| /,// | CONSTANT TOGW - 18025 LB
: RESCUE | \
WEIGHT + 7 et
f - 100 | ‘\
g LB 121 6 | ALL~METAL AND RESIZED
: COMPOSITE WING T/R
: $ 5 STIFFNESS STRENGTH
; CRITICAL = CRITICAL
8} 4

o s P T AR g0t

| e m

2 2 2

FIGURE 3-9:

14 16 18 20 22 24 26
THICKNESS-CHORD RATIO, t/c - %

EFFECT OF WING THICKNESS RATIO (AT CONSTANT

CHORD) ON TAKE OFF GROSS WEIGHT AND MAXIMUM
RESCUE CAPABILITY
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700.( NOTES : MISSION RADIUS
) 1. AR = 6.29 (30 M N. HOVER @ M.P.)
2. Sw = 210.1 Ft?
600 { CONSTANT TOGW - 18025 LB
MISSIO /-
RADIUS |
- NM ~ 7 1 ALL~METAL TILT ROTOR
500 } /1 4 —ﬁé - -
‘ CONSTANT MISSTON CAPABILITY
(TOGW VARYING)
STIFFNESS‘_+_§TRENGTH
400 § CRITICAL CRITICAL
300 $
EV 17 76 18 30 53 54 6

/

0
HOVER

= MIN

P ey peed R BB ele e

40 L 3

30 L

b B ol

60-r

v

EMDURANEE

20 |

reed et Pt

FIGURE 3-10:

(

. B E N ]

[

v 14 16 18 20

|
|

THICKNESS—-CHORD RATIO, t/c - %
HOVER ENDURANCE AT MIDPOINT
(500 NM RADIUS)

CONSTANT TOGW - 18025 LB

n
l
@
/
// ! ArALL-METAL TILT ROTOR
,_i_, 2 CONSTANT MISSION CAPABILITY
STIFFNESS 'STRENGTH (TOGW VARYING)
CRITICAL CRITICAL

22 24 26
THICKNESS-CHORD RATIO, t/c - %

EFFECT OF WING THICKNESS RATIO (AT CONSTANT
CHORD) ON MISSION RADIUS AND MIDPOINT HOVER
ENDURANCE
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20
TAKE OFF GROSS WEIGHT
NOTE: t/c = 21%
19}
Toigoo ALL-METAL SAR TILT ROTOR
LB | lf/r ‘[r CONSTANT TOGW - 18025 LB
. ALL-METAL T/R WITH COMPOSITE WING
=
| ZVCONSTANT MISSION CAPABILITY
17 ¢+ | (TOGW VARYING)
, RESIZED COMPOSITE WING TILT ROTOR
STIFFNESS STRENGTH
16 & CRITICAL ' CRITICAL
3 4 5 6 7 8 9
24 « CHORD - FT
MAXIMUM RESCUE CAPABILITY
[ NO. OF
20 _lgESCUEES ALL-METAL T/R WITH COMP.WING
MAX IMU ,,EZC;”'_' _
RESCUE | g4
wETeHT T I ~ CONSTANT MISSION CAPABILITY
“% 1 s /
LB / : /F CONSTANT TOGW - 18025 LB
L 7 % I A
12t 6 | ALL-METAL AND RESIZED
| E— STRENGT:;  COMPOSITE WING T/R
CRITICAL ~ T GRITICAL
8 4+

(V8]
S

Od

5 6 7 8
CHORD - FT

FIGURE 3~11: EFFECT OF WING CHORD (AT CONSTANT THICKNESS

- n Y e e ety e

RATIO) ON TAKE OFF GROSS WEIGHT AND MAXIMUM
RESCUE CAPABILITY
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700y
MISSION RADIUS
NOTE: t/c = 21%
6001 CONSTANT TOGW - 18025 LB
MIssxo$ }F
RADIUS | g
- NM /,,r””————JFALL-METAL TILT ROTOR
ool . - -
| CONSTANT MISSION CAPABILITY
| (TOGW VARYING)
4°°T STIFFNESS STRENGTH
i CRITICAL - CRITICAL

L]
w‘h
g

“‘ ':_ _§ Il r ]
3 6 7 8 9
. i CHORD - FT
: ' 60y HOVER ENDURANCE AT MIDPOINT
I'h _
N ' 50¢
] HOVER
' ENDUR- CONSTANT TOGW - 18025 LB
.1 l ANCE
- MIN |
- 404
g /| ‘I(ALL—METAL TILT ROTOR
: 304 f— -
& l v | = Z
; CONSTANT MISSION CAPABILITY
3 I | (TOGW VARYING)
5 STIFFNESS STRENGTH
4 204 CRITICAL =+ CRITICAL
! V3 4 5 6 7 8 9
l CHORD - FT
FIGURE 3-12: EFFECT OF WING CHORD (AT CONSTANT THICKNESS
RATJIO) ON MISSION RANI.S AND MIDPOINT HOVEK
I ENDURANCE
\__.
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3.5 RESIZED COMPOSITE WING AIRCRAFT

3.5.1 Description

D222-10060-2
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Another way in which the benefits resulting from composite

construction can be shown is in their effect on overall air-

craft size and weight. To obtain these results the all-metal

SAR tilt rotor (Section 3.3) was resized with the wing weight

coefficient reduced by 30% to reflect composite construction.

The 30% reduction factor has been agreed upon with USAF as

being the weight saving obtainable with

(Section 3.2.6).

Tre parametric sizing results are shown
data shown are: disk loading, midpoint
and gross weight. 1In this instance the

the disk loading limit (W/A=15 psf) and

thrust-weight ratio requirement (T/W=1.1 with 7 rescuees).

the use of composites

in Figure 3-13. The
thrust-weight ratio,
aircraft is sized by

is just over the

aircraft therefore has nearly matched hover and cruise power

requirements.

The composite wing tilt rotor aircraft has a design gross

weight of 17242 pounds and 27.1 ft diameter rotors.

characteristics of the aircraft are summarized as follows:

Gross Weight (1b)
Weight Empty (lb)
Aspect Ratio
Wing Area (ft?)
Wing Span (ft)

Wing Chord (ft)

3-28

17242
11747
6.37

187.7
34.55

5.42
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Taper Ratio (A)/Sweep Angle (A) 1.0/0

Wing Thickness 21%

Wing Loading (psf) 91.8

Rotor Diameter (ft) 27.1

Chord to Diameter Ratio 0.2

Selidity Ratio .087

Disk Loading (psf) 15.0

Design Cnp/0 .135

Power Plant (2) Lycoming PLT-27

Rated Power @ SL/STD (SHP) 1950
A summary weight statement for the aircraft is given in Table

3-3.

It is noted that this aircraft is very nearly the same size as
the tilt rotor SAR aircraft described in Reference 1. That
aircraft had a design gross wéight of 16%70 lb, an empty weight
of 11500 1b, and a rotor diameter of 27 ft. Although the
weight reduction factor used to account for composites is
larger, the composite wing aircraft of this study is heavier
because the fuselage and empennage weights do not include
composites. In addition detaii design studies have indicated
that actual wing weights are greater than those indicated by
the weight trends originally used. The wing weight trends used
in this study therefore reflect the results of further gtudies

in the design of the wing.

3-29
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DISK LOADING
18 T
16 ¢+ DISK LOADING LIMIT
DISK LOADING l/_
- PSF YR A B AN Y /]
14 ¢+
12 1
1.3 ¢ MIDPOINT THRUST-WEIGHT RATIO
1.2 ¢
MIDPOINT l
THRUST-WEIGHT |
RATIO 1.1 7 L 77 ’?W
1.0 ¢ ‘ MINIMUM T/W WITH
SEVEN RESCUEES ABOARD
9l
19000 ¥
1 DESIGN GROSS WEIGHT
18000 {}
GROSS WEIGHT
- LB , l
. 17242 LB
17000 |} ]
16000 1

32 3% s 30 32
ROTOR DIAMETER - FT

FIGURE 3-13: COMPOSITE WING SAR TILT ROTOR PARAMETRIC
SIZING RESULTS
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TABLE 3-3:

SUMMARY WEIGHT STATEMENT

- RESIZED

COMPOSITE WING AIRCRAFT

* INCLUDES

REV,

ENG RATING @ SLAID| 1950
ROTOR DIA/€~ 27.1/.087
WING AREA 210.1 FT2

ROTOR GROUP 1164

WING GROUP 812

TAIL_GROUP 230 ]

BODY GROQUP 145
BASIC 2275
SECONDARY :

SECOND, =DQORS, £TC, —

ALIGHTING GEAR 595 Fl |

FLIGHT CONTROLS 1341 ) e

Lengine secyjon ) 350 L e

PROPULS | ON_GROUP I S B N - .
ENGINES(S) S — ——— \
AIR_INDUCTION ) L ]
EXHAUST SYSTEM 1 Il
COOLING SYSTEM 200 _ ]

| ruericaTing sysTrmd r
FUEL SYSTEM 430 T
ENGIME CONTROLS )/ !
STARTING SYSTEM I _4____%&_%_ R I
PROPELLER IN T, ! :

*DRIVE SYSTEM 1355 .

AUX, POWER FLANT - ! _ -

INSTR, AND NAV. 135 i

HYDR, AND PNEU, 130 .

ELECTRICAL GROUP 800 ‘

ELECTRON|CS SROUP 1400320

ARMAMENT  ©'<OUP 175 _

FURN, & cQUIP. GROUP 350 L o
PERSON, ACCOM. r_,_ + lrv
MISC, EQUIPMERT ] B R R S S

] ' t
FURNISHINGS _ . — +,_m —— .
EMERG. EQUIPVENT L R

AjR COND, & DE-1CinG _ | 100 | _‘__L . ) j e L

PHOTOGRAPHIC — R S e

L auciiiaey gear . §1107 4 R _]L e ] 1

H ] + ‘

MFG, VARIATION i ¥

WEIGHT EMPTY 11747 ‘

I FIXED USEFUL LOAD S

| crew (4) 860
TRAPPED LIQUIDS 1 40 I I

2647) S Y U
MISSION EQUIP, 150 I *L ] L

FUEL 4300 S R S

CARGU -

PASSENGERS/IRGOPS .—T_’ S

GUN & AMMO 145 j

GROSS WEIGHT 17242

FORM 26320 ‘6 66
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3.5.2 Performance
The performance characte.istics of the resized composite winyg
aircraft are summarized in Figures 3~14 and 3-15. The data,
presented for 17242 1b gross weight, inciude hover ceiling,

flight envelope, and climb characteristics.

The aircraft can hover at design gross weight at 3600 ft ¢ a
95°F d. y and at 8300 ft on a standard day (Figure 3-14). This
performance is based on a thrust to weight ratio of 1.1 which

allows 5% margin for download and 5% for maneuvarability.

Cruise mode performance is summarized in Figure 3-15. The
aircraft has a sea level normal power speed of 326 kt. and
can exceed 300 “TAS up to almost 19000 ft. Climb performance

is good with absolute ceilings in excess of 25000 ft.

3-32
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&
3 ALTITUDE
g | - rm
A 10000 +
I ¥
: i‘ l 950F
3 i 8000 DAY
by o
: i: l _~STANDARD
I 4 \ »~ pay
I
. £ l 6000 4
% \
l 4000 4
%,
o
b 2000 ¢ DEE IGN
§ ! GROSS WEIGH
i,
% l 0 LA + b —+— Ay
¥ 12000 14000 16000 18000 20000
2 '
" HOVER GROSS WEIGHT - LB
i ' NQTES @
e 1. T/W = 1.1
2. Militaryv Power
' 3. Rotor Tip Speed - 750 FPS
“. Design Gross Weight = 17242 LB
FIGURE 3-14: COMPOSITE WING SAR TILT KOTOR OGE HO\.R
' CEILING
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3.6 DESIGN BENEFITS OBTAINABLE WITH COMPOSITES

From a configuration design point of view the chief benefits
resulting from the use of composites are the reductions in air-
craft size and weight that can be obtained. From a structural
design point of view compcsites offer superior corrosion resis-
tance, greater fatigue strength ard reduced notch sensitivity
(hence greater damage tolerance). (These are discussed in

greater detail in Section 4.3).

Three separate design point aircraft are shown in Figures 3-9
and 3-11. These are the all-metal aircraft, the all-metal
aircraft with composite wing, and the resized composite wing
aircraft. The first twoc are identical except for wing con-
struction. The third has been resized to extend the wing
weight benefits into other components of the aircraft (rotors,
drive system, etc.). Physical and performance characteristics
of the three are summzrized for comparison in Table 3-4. A

weight comparison is given in Table 3-5.

Replacing the metal wing of the all-metal aircraft with a
composite wing gave a reduction in gross weight of 506 1b.
Of this amcunt 375 1lb is attributrabie to the wing and the
rest to a reduction in fuel required. Resizing with composites
reduced the physical size of the aircraft as well as its weight.

Rotor diameter, for example, dropped to 27.1 ft rrom 28.9 ft

for the all-metal aircraft. Wing area was reduced to 187.7 sq.
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ft. The effects of the composite wing are also seen in the

reductions in group weights down the line for the resized air-
craft. The total reduction in empty weight between the all-
metal and resized aircraft is 633 1lb which is 5.1% of the all-
metal value. The total redaction in gross weight is 783 1lb

or 4,3%., The total reduction in wing weight is 438 lb or 35%
of the all-metal wing weight. This includes the inherent
weight reduction due to composites and the effects of smaller

size.

The effect of composite construction is also seen in the frac-
tion of empty weight at*ributable to the wing. The metal wing
is 10.1% of the empty weight while the composite wing is only

6.9% of it. This factor would help to offset the increased

cost of composite construction.
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5 ; TABLE 3-4. DESIGN POINT AIRCRAFT COMPARISON
é i ‘ All-Metal  Resized
3 All-Metal w/Composite Comp.Wing
g h Physical Characteristics Aircraft Wing Aircraft
P | Gross Weight (1b) 18025 17519 17242
%,%‘ ! Empty Weight (1b) 12380 12005 11747
3 % Wing Span (ft) 36.35 36.35 34,55
§ % l Wing Area (sg.ft.) 210.1 210.1 187.7
f : Wing Thickness 21% 21% 21%
: §‘ ! Wing Loading 9psf) 85.8 83.4 91.8
¥ ;; I Rotor Diameter (ft) 28.9 28.9 27.1
% ol Disk Loading (psf) 13.8 13.4 15.0
E Max. Hover Gross Weight: (1lb)
A N SL/STD 22870 22870 21850
) SL/95°F 20520 20520 19660
Forward Flight Performance (SL/STD, Design Gross Weight)
\ % : Max. Speed (Mil Pwr) (kt) 342 342 348
R Best Range Speed (kt) 225 222 228
§ ;; Specific Range @ Vpp- \..4PP).271 .279 . 276
' g L Max. Rate of Climb (fpm) 4010 4120 4050
L
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é{: 'a’,”c PREPARFD HY: PAGLE NO. 3‘38
¢ VERTOL DIVISION CHECRED Ry wipory NU. D222=-10060-2
?& DATE MODEL NO. @V-J\
? TABLE 3-5: DESIGN POINT AIRCRAFT WEIGHT COMPARISON
b
i DIA/ S 28.9/.08 28,9/.08 27,1/.087
RLL-METAI|ALL-META], RES IZED
; BASELINE (A/C WADM- COMPOSTTH
y .: \IRCRAFT [FOSITE WING WING AL
D . ROTOR GROUP 1203 1203 1164
g : WING GROUP 1250 875 812
5 TAIL GROUP 230
h BODY GROUP 1450
% BASIC 2300 2300 2275 ]
¥ SECONDARY ‘
- SECQND, -DOORS, ETC,
> ALIGHTING GEAR J sag
- FILIGHT CONTROQLS 1385 1385 . 1341
N ENGINE SECTION 350 350 350
| PROPULS ION_GROUP (2692) (2692)
ENGINES(S) 620 620 620
i AIR INDUCTION |
: EXHAUST SYSTEM |
. COQLING SYSTEM 200 200 _ 200 S
LuericaTInG sysTim ) |/ o N
FUEL SYSTEM 445 445 430
ENGINE CONTROLS
STARTING SYSTEM + . D S
PROPELLER INST. h
- *DRIVE SYSTEM 1427 1427 1355
\
AUX, POWER PLANT -\
: INSTR, AND NAV. 35 |
! L Lpvoe. anp eNeu. 30
: S L ELECTRICAL GROUP Q0 ]
o~ LeLecTronics grOUP 400
; Z 1 ARMAMENT GROUP 75
1 FURN, & EQUIP., GROUP 50 33200 3200 3200
gﬂ: PERSON, ACCOM. L
MISC. EQUIPMENT 1
— 4+ 4_,._*#
FURNISHINGS TT
ENERG. EQUIPMENT L - o
AR COND, & DE-ICING 100 d + o w__qj},,, RS
w | PHOTOGRAFHIC _ N } T
SlawiuiaRy cear _ @YO ) L
: ;
N N
MFG, VARIATION |
i " _'ﬁ
L WEIGHT EMPTY 12380 12005 11747
FIXED USEfJL LOAD
CREW (4) 860 860 860
S TRAPPED L1QUIDS 40 40 40
x b/ dd OWE 13280) 12905 12647
MISSIO% EQUIP, 150 L 1501 ( 150)
FUEL 4450 4319 4300
CARGU
ASSENGERS/TIRUUPS
; | GUN & AMMO 145 145 145
} GROSS WEIGHT L18025 l 17519 ] 17242

FORM 2€° 0 '8 66!
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4.0 ADVANCED DESIGN STUDIES

This section presents the design and stress analysis of a

composite wing torque box for a tilt rotor aircraft for the

USAF-SAR role,

Two concepts for the wing torque box configuration were inves-
tigated, namely, a multi-spar and a two-spar torque box. For
reasons discussed in Section 4.4, the two-spar configuration
has been chosen for the torque box, as shown in Figures 4.1
and 4.2. A well in the upper surface provides space for
cross shafting. The torque-box shell is a honeycomb sandwich
with boron-epoxy facings on a fiberglass honeycomb core. All
corners are gusseted using Xv251-5 glass cross ply to provide
shear transfer capability and increase stability of the skin

panels.

Although graphite-epoxy construction would result in a slight'
decrease in weight, boron epc..; was selected for this design
for its superior impact resistance over graphite. This will
provide the rugc dness required under normal service condi-~

tions and reduce maintenance costs.

The estimated weight is 626 1lbs. for the boron torque box.
Total weight for the composite wing is estimated at 875 lbs.

An equivalent all-metal wing will weigh approximately 1250 1lbs.

4-1
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Thus, the composite design represents a weight saving of about

375 1lbs. or 30% of the metal wing weight.

A summary of margins of safety is shown in Table 4-1.
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TABLE 4-1. COMPOSITE WING TORQUE BOX -
MARGINS OF SAFETY
Element Location Principal Margin of
(Wing Sta.) Load Condition Safety

Upper Cover 30 Compn. + Shear 0.02
Forward

180 Shear 0.33
Upper Cover 30 Compn. + Shear 0.03
Aft

180 Compn. + Shear 0.34
Lower Cover 30 Tension + Shear .01
Forward

180 Tension + Shear .18
Lower Cover 30 Compn. + Shear .07
Aft

180 Compn. + Shear .32
Front Spar 30 Shear .28

180 Shear .23
Rear Spar 30 Shear .28

180 Shear .5
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4.1 STRUCTURAL DESIGN REQUIREMENTS

4.1.1 Basic Data

G. Wt. W = 17,650 Lbs.

Wing Span b = 36.3 Ft.

Wing Chord ¢ = 5.78 Ft. (Constant)

Thickness Ratio = 0.2lc

Front Spar at 0.15c

Rear Spar at 0.75c

Weight of Tilting and Fixed Nacelles = 2260 Lbs./Side
Ultimate Load Factor = 4.0g

Fuel (All in Wing) = 4450 Lbs.

Wing Root Attachment at w.S. 30

4.1.2 Critical Design Condition

° Based on Model 222 structural analysis, design wing torque
box to loads for flight condition 1 - VTO at 4g ultimate
° Check lower skin for compression loads during landing

and ground taxi operations

4-6
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4.2 LOAD DISTRIBUTION

4.2.1 Wing Mass Distribution

15 J
\.— -
5,‘ 5101 100% Fuel o 15 Lbs.
- ::: X \' In.
S?g t .§ S
5 ¥ /1ne
1L l 1.5 ¥° 2260#
v g ‘ 1 | 4_ _ y—10% Fuel Nacelles
i b T T T e~ —
3 i ——d o, Jeokm
% ' N ' ' K ' | Structure
’ % I 50 100 150 200
g Wing Sta. In. lW/S 217.8
i & l Ww/s 30 £ rotor
v l 4.2.2 Rotor Loads 4.0g Condition (Ultimate)
l\., a) 100% Fuel G.W. = 17,650 Lbs.
. f Rotor Download = 5% Rotor Thrust

. . ThrustT = 17650 , 1, 4
2 .95

37200 Lbs. (Ult.)

b) 10% Fuel G.W. 17650 -4450 +445

13645 Lbs.

.. Thrust T = 13645 _ 1

x X 4 = 28750 Ibs. (Ult.
2 .95 Lbs. { )

Assume Wina Torsion = 500000 In.-Lbe. (Ult.)
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4.2.3 Ccpanwise BM and Shear Distribution

BM at W/S X, 30 € X £ 180, is given by

s

T(217.e)- ano (217.8-X) + (200-X)2 + 1 (200-X)2, (200-X)
-X 2 100 2 3

2 X 217.8

+ 15 K (180—X)2]x 4 --05 T (217.8-X)2
2

(217.8-X) {1—.000114(217.8—X)} T --[9200(217.8-)()+2(200-X)2

+1 3 : 2
- {200-X +30K(180-
150 ) K X) }

V="T-4 [2300+(2oor;q+1 (200-X) % +15x(1eo-xi] -.05T (217.8-X)
100 2 217.8
= T- [10,ooo-4x+1_(200-x)2+60x(180-x)] -.000228(217.8-X}T
50
(K = Fraction of Fuel Remaining)

The bendingy moments and shears along the span are computed in
Table 4-2 and shown graphically in Figurcs 4.3 and 4.4

respectively.
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Table 4-2
USAF SAR Tilt Rotor Aircraft

Spanwise Rendirg Moment and Shear Di.
Cond. 1 (vT0) 4'qg'

1 K = Fraction of Fuel Rema 1ing 1.0C
- 2 T = Rotor Thrucc Lb. 37200
3 X Wing Sta. In. 180 150 100 50
a 217.8 - (3) In. 37.8 67.8 117.8 167.8
5 1 - .000114 @ .9957 9923 | .9866 .9809
s @ @ © In. Lb. | 1405113 | 2502739 | 4323439 | €122 35
7 9200 (4) In. Wb. | 347760 | 623760 | 1083760 | 1543760
8 200 - (3) In. 20 50 100 150
9 2 @2 In. Lb. 800 5000 0000 45000
10 __3/150 # |1n. Lb. 53 833 6667 22500
11 180 - (3) é In. 0 30 80 13C
12 30 ) @)?2 _g In. Lb. 0 27000 | 192000 | sG70GG
13 @)+@+ W+ ® § In. Ib. | 348613 | 656593 | 1302427 | 2118260 °
1B m=(s - ®) In. Lb. | 1051500 | 1546146 | 3021C12 | 4004675 |
15 .000228 (@) (2 Lb. 322 578 1004 142ﬂ=
s 4 (3) Lb. 720 600 460 200
17 (8)%/50 Lb. 8 50 200 450
18 60 O @) g Lb. 0 1800 4800 7500
19 10000 - @ + @ + @ | w. 9288 11250 [ 14600 | 18030
20 v=02 - 15 - @ Lb. 27590 24946 21596 17721
Shear at E Rotor = 28000 Lbs, 100% Fuel -
1550 Lbs.  10% Fuel
4-9
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Aircraft
Shear Distribution
frg
.1
28750
50 30 180 150 - 100 50 30
167.8 187.8 37.8 67.8 117.8 167.8 187.8
.9809 .9786 .9957 .9923 . 9866 .9809 .9706
6122935 | 6836556 | 1082077 | 1934241 | 3341368 | 4732107 | 5240512
1543760 | 1727760 347760 623760 | 1083760 | 1543760 | 1727760
150 170 20 50 100 150 170
45000 57800 800 5000 20000 45000 57800
22500 32753 53 833 6667 22500 32753
130 150 0 30 80 130 150
507000 675000 0 2700 19200 50700 67500
2118260 | 2492313 346813 632293 | 1129447 | 1661960 | 1882813
4004675 | 4343343 735264 | 1301948 | 2211921 | 3070147 | 3354699
1429 1600 249 445 776 1105 1236
200 120 720 600 400 200 120
450 578 8 50 200 450 578
7800 9000 0 180 480 780 300
18050 19458 9288 9630 10780 11030 11358
17721 16142 19213 18871 17694 16615 16156

-~ e ———————————

FOLDOUT FRAME 2
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4.2.4 Estimate of Stiffness Requirements

It is assumed that the stiffness distribution should match

Model 222 wing stiffness and that the wing frequencies should

be the same as for Model 222 wing designed for an ultimate

4.0'g"’
3
(2260+438) (18.15)
SAR Wing Bending Stiffness = 4.2

del 222 Wi ending Stiffness
Mo 22 Wing Bending Stiffne .9712 x 10.32 x 10°

1.45

i.e., (EI)SAR = 1.45
(EI) 2322

and SAR Wing Torsional Stiffness
Model 222 Wing Torsional Stiffness

2
_[(3.47 + .971)/3.47 x .97] x 18.15
30.6

=1.03

i.e., GJSAR = 1.03
GJz222

The resulting EI and GJ distribution are shown in Figure 4.5.
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4,3 MATERIAL SELECTION

4,3,1 FILAMENT-MATRIX SYSTEMS

The selection of the basic composite fiber has a major impact
on the overall cost and performance of the system. Four basic
filament-matrix systems (two of which are state-of-the-art
and the others considered advanced) were evaluated for
application in the wing structure.

o Boron/Epoxy

o S=Glass/Epoxy

o E=-Glass/Epoxy

0 Graphite/Epoxy

Representative values of the basic material properties are

presented in Table 4-3., The values shown are design allowables,

statistically reduced, based on component fatigue experience
and extensive coupon testing. For graphit: epoxies, consid-
erable data are currently being generated in support of the

HLH program,

Design allowables for composite materials are based on tests
conducted under Army and Air Force sponsorship, as well as
Boeing research., The design properties are derived from over
1,000 tests of boron/epoxy composites, 3,000 tests of glass/
epoxy composites, and 350 tests of mixtures of glass and
high-mnodulus cumposites. The data include effects of notches,

temperature, humidity, load sequencing, effect of mean load,

4-14
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TABLE 4-3. PRELIMINARY DESIGN ALLOWABLES
Material 10662-5 {Xp-251-S | Boron/ |Gra- Gra-
Glass |Glass Epoxy |[phite/ |phite/
Epoxy Epoxy
HT HM
Fiy 0° | 175 247 178 143 95
(ksi) + 45° | 28.2 22.6 20 10
90° 2.98 1.78 10 7.5
Feu 0° | 126 160 300 140 90
(ksi) + 45° | 31 24 30 9
90° 22 25 25 25
Fgu 0o 7.1 11.2 9 8.5 8
(ksi) + 45° | 27 48 67 35 24
900°
E 0° 7.15 7.45 30 21,2 |30.1
(psi x 107%) 4+ 450 1.8 2.0 3 2
90° 1.74 2.99 2
G 0° .59 1.1 1 .7
(psi x 107%)  + 450 1.85 2.4 8.8 4 5
90° .55 1.1 1
< (Lb/1n3) .066|  .073 .075|  .054f .058
Thickness Per Cured .010 .010 .007 .010| .o10
Lap (In.)
4-15
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and failure modes. Although data regarding material proper-
ties are available for the most part, there are gaps which

limit the application of these filament-matrix systems,

The above four basic filament-matrix systems were selected
because of their range of cost, strength, stiffness, established
performance confidence, and related experience existing within
the Boeing Vertol. E-glass and S-glass have been used for

several years and their basic properties are generally well-

known.

Since most of the composite materials available are nonmetallic,
their susceptibility to corrosion as it is commonly understood
is negligible, (Galvanic corrosion should be considered when
certain composites are in contact with metals. Especially
susceptible is an aluminum/graphite interface). Currently
available epoxy matrix systems are also highly resistant to

environmental effects.

The plot of extensional modulus divided by density (E/p) and

A

torsional modulus divided by density (G/p) in Figure 4.6
is an indication of the flexibility available to the designer
in achieving a match of dynamic characteristics required for

dynamic-critical wings while at the same time achieving weight

T . 4

savings.

Much of the primary structure of a typical metal V/STOL airplane

is designed by fatigue considerations. The high ratio of
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fatigue strength to ultimate strength of advanced composites
exhibited by boron and graphite offers a major advantage in
increasing the fatique strength of the aircraft. Not only
is weight saved, but reduced maintenance costs are antici-
pated due to a significant reduction of in-service fatigue
problems. The advantage of composite materials over aluminum
for fatigue is shown in Figure 4.7. A display of relative
weights of fatigue-critical structures is presented in
Figure 4.8, For a given design limit load factor, it is
expected that most of the primary wing structure can be
designed for limit and ultimate conditions if advanced
composites are used, while still providing a fatigue life in
excess of that used for the design of corresponding metal

structures.

Damage tolerance 1s an important consideration along with
specific properties of scructural materials. The superior
fracture toughness of composite materials relative to

aluminum alloys is clearly indicated in Figure 4.9, It
should be noted however that exposed graphite/epoxy surfaces
are extremely vulnerable to impact damage under normal service

conditions,

The boron/epoxy has impressive compressive qualities for use
in combination with other appropriate filament-matrix materials

in primarily compression loaded elements.

4-18
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After a careful review of the available data, boron/epoxy

was selected as the basic filament matrix for use in the wing

structure.

4.3.2 CORE MATERI.L

For sandwich panels, aluminum, glass, and Nomex (a nyion
variant) were examined as possible core materials. Aluminum
core, is extremely vulnerabhle to major damage by lightning
when combined with either graphite or boron face sheets.

This situation can readily be alleviated with current design
approaches, nut c¢ffort was focused on replacing alumini.a as

a prime candidate for the core material, Nomex is the primary
candidate from an environmental resistance consideration;
however, its phenolic binding is extremely vulnerable to fuel

exposure. Hence for this study, a glass core has been

selected.

4.4 WING DESIGN CONS1DERATIONS

4.4.1 ENGINEERING APPROACH

Current manufacturing capabilities and processes in the field

of advanced composites give the designer considerable latitude
in arriving at an appropriate structural configuration for the

basic load-car ying element of the wing, the torque box.

In general, the advantages translate intc fewer parts, a

reduced number of mechcnical fasteners, and an associated

4-21
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weight reduction, and thus, reduced manufacturing manhours.

The wing provides support for “‘he rotor, transmission/engine
combination at its extreme ends. The total fuel capacity of
the tilt rotor aircraft is carried in the wings outboard of
the fuselage. The propulsion units at the extreme ends of
the wing are connected by a cross shaft running through the

upper center portion of the torque box,

In addition to the basic proklem of configuring the wiag box
section, the tilt rotor has joint design requirements which
encompass both fixed-wing and rotary-wing technology. The
desi¢n effort was focused on three main areas in the wirg:

o Rasi: structural shell (torgue box)

0 Wing-fuselage joint

o Jointz (hardpoints)
Emphasis was directed toward:

0 Reducina the number of parts and tools

o Reduction in machining operatio.'s

Thece are achieved respectively by:

4=-22
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° A discrete application of composite filaments/laminates
) ° Use of adhesives

° pressure-molding techniques

4.4.2 BASIC STRUCTURAL SHELL (TORQUE BOX)

Two concepts for the basic wing torque box were considered

(see Figure 4.11). One is a four-spar configuration and the

other 1 two-spar configuration; these will be referred to as

o

¥
P
&
B

;é. concepts A and B resp>ctively.
ﬁ Concept A - The four-spar configuration is oriented toward min-

f
RAIRCY

imizing the number of heat cycles during the manufacturing pro-

ez WAy WD WS

cess., 'The primary aim is to achieve a co-cured assembly; i.e.,

a one-cycle heat exposure operation. The inclusior of ribs,

\

howevrer, nvevents this goal from being attained.

af

Since the inclusion of ribs presents not only manufacturing

o 1L e Suor el

difficulties but also design probleas, ribs will be provided

e
£

only at flap hinges and leading-edge umbrella hinges. Inter-

mediate ribs to react panel crushing loads will be eliminated.

The decision to eliminate intermediate ribs was based on:
° Relatively short span of the wing
° Required panel compression strength obtainable for

relatively minor weight penalties
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LEADING EDGE

CONCEPT A

CONCEPT B

Basic Wing Torque 1ox
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° No external loads being applied at the intermediate rib

gl locations

@

-%: Although the reduction in the number of curing cycles so as to

Eg ‘ approach co-curing in the manufacturing process is highly

2? l desirable, the concept A configuration has design considera-

g ) tions for which extensive QeveloPment is required:

% ’ Too Many Access Holes

éﬁ ’ ° Access required fér inspection at three locations

%; chordwise (one in each spair bay) at about 36 inches

g l on center for length of span. Each hole has tc be at
' least 5 inches in diameter. P2Providing for lightening

holes in the lower portion (below cross shaft channel)

L]
(

of the center two spars or using a trussed configura-

%; l tion could eliminate access holes in the forward and
g aft bays, requiring them only in the center bay.

§; ' ° Access hole a* inboard tank end rib has to be big

§A l enough to allow fur the installation of a fuel boost
'i- ump.

% I pump

%ﬁ ° Access cutouts limit area f r locating chordwise fil-
'fA l aments, if these are required. The wing is primarily
? loaded in spanwise bending, spanwise shear, and tor-
Ei ' sion;: chordwise loads are negligible.

¢

i ' 4-"5
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i

Ribs are difficult to install, especially the tank end
rib at the inboard location.

The deleticn of intermediate ribs may require baffles to

- T AR

.
v g # K :
; .

reduce fuel slosh,
If the center two spars do not have lightening holes or

are not of a truss configuration, cutouts are needed

1-v1, AFLY Ml -

s

between the forward, center, and aft bays for fuel

hY

o

drainage and air venting. This means interrupting spar
chords and webs in the spanwise direction (high axial
load in members attaching tc the spar could cause peel-

ing problems).

Concept B ~ The two-spar, multirib (25-inch spacing) configur-
aticn (Figure 4.11), in general, exhibits:
° Ease of assembly
¢ A provision for good dimensional control and tolerance
washout
¢ good access is provided for inspection of structure and
maintenance of systems inside the wing
° All structure is used efficiently and is multipurpose.
Ribs are used for fuel baffles and to carry structural
loads, spars carry structural loads and serve as inte-

gral fuel tank walls, etc.

4-26
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? t Although the method for the design and fabrication of detail

" -

ié % parts and assembly are within the state of the art, the incor-
#®

E E poration of this technology in a wing design has not yet been

e o

3 %

E N demonstrated on a flightworthy vehicle.
b

Further development is needed to:

° Reduce the number of heat cycles required in construc-

NN V. T Kl W5

-

ticn of detail parts and assembly

° Redice the number of parts requiring hand layup. Use

Tyt o A
Geid NS D S e

o of pultruded components for spar-to-rib and spar-to-

panel joints should be investigated.

Based on the above discussion concept B8 has been chosen as a

conservative approach to the design of the composite wing.

(

L N

Ryl A = . B g mAe % g MR A A )

R

W EEN RN s W Led e b b
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4.4.3 WING-FUSELAGE JOINT

The wing-fuselage joint depends on the configuration of the
individual components. Assembly and field replaceability

requirements virtually eliminate adhesive bonding.

A mechanical fastener design is shown in Figure 4.12. This
concept is currently being developed for Boeing Vertol's Heavy
Lift Helicopt 'r. Figure 4.13 is a photograph of the fitting
and Figure 4.14 a general arrangement drawing. Figure 4.15
shows the HLH application. This method offers high strength
capability with minimum weight and relatively simple tooling
requirements. The barrel nut installation eliminates eccen-
tricities by placing the load path directly on the centerline
of the sandwich fuselage structure. Four attachment locations
using four bolts, or eight for fail safety, could provide the

load paths for all the wing-to-fuselage loads.

4.4.4 WING-NACELLE INTERFACE

A design concept of the wing tip fitting structure is shown
in Figure 4.16. This design envisions compression molding of
a basic chopped-fiber el :-sent (truss) reinforced with uni-

directional tape/fiber eliements.

4-28
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Figure 4.12. Mechanical Wing-Fuselage Joint Concept
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Figure 4.15. Transmission Support Fitting Concept for HILH Application
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4.4.5 HARDPOINTS

4.4.5.1 Tension

In the event that a multibolt attachment of wing to the

fuselage is emplcyed (more efficient load transfer in a

hcneycomb structure), shear and tension bolt joints need

to be investigated.

Figure 4.17 depicts a tension bolt concept which is capable
of transmitting wing bending loads (converted to axial
loads-1b./in.) for both concentrated and uniform load
paths. The joint configuration shown is now being eval-
uated for the HLH for a major field splice. These fittings
will be exposed to a fatique environment in addition to

establishing an ultimate load transfer capability.

4.4.5.2 Shear

As previously stated, metals are fatigue-critical while
advanced composites (graphite and boron/epoxy) are not. The
quantitative extent of this advantace has yet to be estab-
lished and demonstrated. A current Boeing-Vertol program
has yielded preliminary results for a shear joint conrept
which indicate that the advantage is ccnsiderable when

comparing ¢&g/¢ parameters of steel and graphite.
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ﬂ — FiLLER BLOck
TesY Avmachmwy Bun

4.80

‘ RE INF CRCEMENT
/¢r DOURLERS
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/¢ / SKIN PANELS
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o
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(é N AN ACCEsS
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/o N
54 PLIES HTS /8 Y-PLY FLANGE
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Figure 4.17. Construction of Final Tension Joint for HLH With Static
Tensile Stre¢*h of 14,400 Pounds
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A preliminary *test specimen of 0.4-inch thickness fabricated
from Hercules 2002T Gr/E (HTS/BP901) and subjected to a
fatigue environment has outperformed its mating ,teal! clevis
of ecual width and @ total thickness of 0.7 inch. The steel
clevis failed at the net tension saction. When comparing
txp parameters, graphite/epoxy laminate has a weight advantaae

over the steel) 1in the ordar of 10,

At present the number of tests is statistically insufficient
for determination of joint design allowables. Hnwever, the
tests do indicat: the magnitude of the impact that the use of

advanced composites will have in fatigue-critical structures.
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4.5 STRESS ANALYSIS

4.5.1 SECTION

- YOPERTIES

D222-10060-2

Assume uniforr thickness of material for the shell, fu.ly

effective in bending.

See Figure 4.18 for geometry.

Element | J Ly T1;12 Io/t '/t
In. in. In.2 In.3 in.3 In.3
1 12.5 8 100 810 —
2 4.87 5.33 28.88) 171.4 9.66
3 7.5 3.5 2€.25] 92 —
4 4.75 5.88 27.9 | 164 8.92
e 22.25 6.5 145.0 | 942
6 4.16 2.08 8.66( 18 6
7 2.78 | -1.39 -3.87 .4 1.79
8 22.25 | -4.5 - 100 450 -
9 7.5 -5.62 -42.2 | 223 —
10 12.5 -5.58 -69.7 | 389 .
11 4.86 | -2.43 -11.8 28.7 9.6
12 6.95 3.475 24.1 83.7 | 28.93
5 112.87 1.181 133.22|3382.2 | 64.90 | 3447.1
. I/t = 3447.1 - 112.87 (1.181)2

3447.1 - i44.1

Area for Torsion = 471 n.

J/t = 4A? = 4(471)2

2

112.87

= 3303.0 In.3

2

= 7860 In.3




d¥dsS LNOUJ

nl*TP \'L

dvds dvad

D222-10060-2

®
®

BASIC GEOMETKY - WING BOX

500 fe—ws " L G " Ty

Q

[Tg)

et

C
FIGURE 4.18.

.llll ———— L. Y 5] l l ! I nv N ”u !u;... ﬂm‘a&' 1 w‘l l“sug g, ‘“ -~ B

P

4-37

Lo

- - Sae X & ™ s o i % A ha.n.n..w‘?,.:s\ I T St
) Lgg m ale whﬁ%ﬁeﬁn«nm % 'y g % ¥ n.,{%&.v‘ ;&hw. ¥ 14 .
< SR EN L PR Fa . .-

Ao 7 e AT e e o TR gl Tove 0w o el AR Aot D i e wst s



W TR VT FY e -

LB

PSS

A A REE S TR

s.;gv?“"w e

i

EET

el -

T O R At R ek . A e

D222-10060-2
4.5.1.1 Preliminary Check for Stiffness

Stiffness Required at Root:

EI = 7960 X 10® b In2

1600 x 10% b In2

&J
Using the E and G values for boron assuming X = fraction of
unidirectional boron

108 {30 x + 3 (1 -x )] 3303t = 7960 x 106

i.e. (27X + 3)t = 2.41 N 6

and 106 {8.8 (L -Z) +1 () } 7860t = 1600 X 106

i.e. (8.8 - 7.8X )t = .204 SENNG),

Solving above equations yields

X = .846

t = .0935"
t, = .079"
tygs = .0145

As one layer of boron is .007" thick and the cross ply
has to 4o in pairs, assume 1l plies of uni and 4 plies at +45°

for practical design

then b 4 .734; t = ,105"

EI

{(27 X .734) + 3} (3303) (.105) x 106

7900 x 10® 1b. In.2

GJ = (8.8 - 7.8 X .734) (7860 X .105) X 106

2540 X 10% 1b. 1n.2

4-38
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& Stiffness Required at Tip Sta. 180:
&
¥ EI = 6450 x 10® rb. 1n.?
¥ _ 6 2
b GJ = 1600 X 10" Lb. In.

Proceeding as before

(27 x + 3)t = 1.95

z (8.8 - 7.82)t = .204
{} L]
b . . X = .8
% t = .0793
Assume ty, = .063 9 plies at 0O°
tigs = -028 4 plies at +45
4 t = .091
X = .692

{(27 X .692) + 3} (3303) (.091) x 10® = 6520 x 10° 1b. 1n.2

=1
]
n

or = {8.8 - (7.8 x .692)} (7860) (.091) X 106 =

2430 x 10% 1b. In.?

AT s TS TR s - s
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4.5.2 PANEL INSTABILITY

Compression Panels

The critical axial loading for compression panels with

different lay-ups are computed below and shown in Figure 4.19:

£L222-10060-2

Layup A n at 0 = 12 = .667

n at +45 = 4 = .222

nat 90 = 2 = .111

.". tg =0.5X 18 X .007 = .063"

c = core thickness

10%E, = (30 X .666 + 3 X .222=) 20.67 Lb./In.?
10%8, = (30 X .111 + 3 X .222=) 4.90 Lb./In.?
1078 = (.666 + .111 + 8.8 X .222=) 2.73 Ib./In.°

e

Assume /JXY = .4

Lk = .4 X 4.0
/ — =,

¥Xx 2067
.. W =E_ = [20.67 x 4.00 ’
T by .4 X .078

x 106

= 9.25 X 10° 1b./In.2

The allowable load/in. is given by

k, T2YW tg clc + tg)

Nxer = 202

X .063c(c + .063)

For a rib spacing of 25" K, = 2.5
N = 2.5M2% x 9.25 x2106
2b
= 7.2 x 106 clc + .063)
b2
4-40
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i

g . Evaluating as function of b and c

z b (inch) 10 20 30 40
p Nycr Lb./In.

g

5

4 c = .3 7850 1960 872 491
5 {(inch)

%

3

oy

.7 38450 9620 4270 2400

o

Nyy = -126 X (300 X .666 + 30 X .222 + 25 X .111) x 103
(Ult)

-

= 26400 Lbs./In.

Layup B (Layup A + 2 Laj's at 90°)

AR

. ng =12 = .6

R o

n+45 =4 = .2

ngo =4 = 2

tg = 0.5X 20 X .007 = .07"
10°° E, = (30 X .6 + 3 X .2=) 18.6 Lb./In.2
106 E, = (30 X .2 + 3 X .2=) 6.6 Lb./In.?

10 ¢ = (.6 + .2 +8.8X .2 =) 2.56 Lb./In.>2

. —" BRI T3 T one < IT RTRIY P R  e ’
o I I B R R R R T '-7 EE N e e

Uy  0.42

/&Yx = 0.42 X 6.6 = 0.149
18.6

- 1% +/18.6 X 6.6 i 6 2
3 - lo X - - . .
J; T4z X .149) 11.42 X 10° Lb./In

2

6

2.5 7 " X 11.42 X 10

2b2
9.87 x 106 x £l 4 07)

4-41
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Evaluating Nyegp
b (inch) 10 20 30 40

S B P NG XTSI TR TE T e e
{

c = .3 10980 2740 1220 685
(inch)

.5 28200 7040 3130 1760

.6 39700 9920 4410 2480

~ .7 53200 133900 5920 3320

N

Nyy = -14 (300 X .6 + 30 X .2 + 25 X 2) X 10
(Ult)

~grM-

= 26750 Lbs./In.

Layup C (Layup A + 4 Laps at 90°)

ie., n, =12 = .545
- Nyg450 = 4 = .182
‘ ngg =6 = .273
tg =0.5X 22X .007 = .077"
; 107 g, = (30 x .545 + 3 x .182=) 16.89 Lb./In.’
107® By = (30 X .273 + 3 X .182=) 8.74 Lb./In.’

i 100 G = (545 X .273 + 8.8 X .182=) 2.418 Lb./In.2

% M wy = 0-42 (Assumed)
X Mon = 0.42 X 8.74 = 0.218
s 16.89
6 X — 6 2
= 2 : = 12,78 X 10° Lb./In.
] Nycg = 222 712 x 12.78 x 10% x .077(c + .077)c
z 212
B} = 12.12 x 10® ¢(c + .077)
b2
4-42
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w 3 ,
g W Evaluating Nxcr as before
A
b (inch) 10 20 30 40
Y
i: NXCR Lb./In.
c = .3 13720 3430 1525 858
(inch)
.5 35000 8750 3885 2188

.6 49400 12350 5490 3080

.7 66000 16560 7340 4125

Moz
")

Fooaru L ML T SR RPRER N
L Ry S

h-1 Y N EE N EE e e e

Nyy -154(300 X .545 + 30 X .182 + 25 X .273) X 10°
(Ult)

DO T TR R T

= 27050 Lbs./In.
Shear Buckling
Assume V =

0.1
72k (n

O NI

* Where E = \/E;—E;
>\=\f-,axy,un;
h =c + t¢
a = 25"

Layup A

4

%._ = 9,25 X 10° 1b./In.2

= 6 . (h)2
Fgor = 22.8 X 10° K (g)

2
= 6 h
. = 2-87 X 10° K (g)
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For b > a use value of a for b in equation

b (inch) 10 20 30 40
(25) (25)

b/a .4 .8 1.2 1.6
(.833) (.625)

Ky = K 2.9 3.5 5.25 4.8

dcRIT. Lb./In.

c = «3; h = .363 10950 3320 3190 2900
(inch) .5; (inch) .563 26400 8000 7660 6980
.6; .663 36500 11000 10620 9690
.7 .763 48500 14700 14100 12850

3

Gy, .126 X 107 (9 X .666 + 9 X .1l11 + 67 X .222)

= 2760 Lb./In.

’

Layup B :Ex_ = 11.42 x 10° rb./1n.2

2
- 6 h
Fgor = 28.2 X 10° K <_)

2
= 3.95 x 106 K(l‘.)
qCR b

K Values As For Layup A

= .14 X 103 (9X.6+9X.2+67X.2)= 2880 Lb./In.

ULT
Layup C EX'- = 12.78 x 106 1b./In.2
tg = .077

2
= 4.86 X 105 x(ll)
qCR \b

K Values As For Layup A

Qupr = -154 (9X.545+9X.273+67X.182)X103=3010 Lb./In.

Qcr ~ Qypp for ¢ > 0.3 and b £ 40"

4-44
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4.5.3 STRENGTH CHECK

Root (Wing Sta. 30)

1. Axial Loads

D222-10060-2

BM = 4.32 X 10% In. Lb.
I/t = 3303 In.3
Distance From Front Spar (Inch)
(F.S.) (R.S.)
0 10 15 20 30 41.7
Yy In. 5.769 7.279 12.319( 7.012 | 5.619| 2.979
¥y, In. 6.041 6.801 | 6.801 | 6.801 | 5.841| 3.961
Ny Lb./In.| -7560 ~9540 | -3040 | -9200 | ~7360 | -3900
Ny1, Lb./In. 7910 8910 8910 8910 7650 5190
F (Shear Lai 1,35 .97 .87 .9 1.02 1.35
Factor)
Nys Lb./In.| -10200 -9240 | -2650 | -8280 | -7410 | -5860
Nyi, ILb./In.| 10690 8640 7840 8020 7800 7000
2. Shear Loads
V = 16200 Lb.
T = 4+200,000 In. Lb. (Assumed)
2A = 942 In.2

Basic Shear Flow q = g, + q1 + Qp Lb./In.
(Without Shear Lag)

where q, = shear flow in cut structure

4-46

q; = balancing shear flow

qp = shear flow due to torque
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Basic Shear Distribution
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V = 16200 Lb.

value of 2 X Area

86 >0 827
e = T T e
gt j‘ @7)}1 = o .
[ ) ’922, E @ l = 1482
S éz; s __ _u03 l1500 N.A.
52
? ’_E;; Y1461
A /‘k_::;:hr-_“_ e 4:;§§L::;;‘

g Distribution

$Fy

21124 -21040 = (84)

Taking Moments About Py 'A’

2504454-2760+3620-4740-4450-5860-3230+253+347+16200

M = 295X137+564X57+669X58 - 771X87+1155X348+1491X105
+1480X152+1126+676X5
= 40400+32150+38800~67200+402000+156900+223500+71000+3480
= 901030 In. Lb.
2Appp = 137+57+58+87+348+105+152+63+5-70

942 1In.2

q; = 901030 = 956 Lb./In.
942

5
|

= +200000 = +212 Lb./In.
942

4-47
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q (without shear ‘ag effects)

=% -9 X9

values for R.H. Wing Shown in Parenthesis

s ‘G sal”
1082 P
B — (-738)
b \%\ -314
g =, G
1178 |I-332(-756)
(754y]
| P
A L_A—;k\ - K - ‘J e B (-716)
1054 606 378
(659) (182)  (-46)

Shear Lag Effects

(Average Shear Flows)

- Member | gy, (Due to V Shear Lag | qy = dp iy dRrH
No Shear Lag) | Factor G | Gay !
AB 856 2.75 2360 | +2. 2572 | 2148
BC 661 1.75 1160 1372 | 948
cD 392 1.43 560 772 348
DE 287 1,25 359 571 147
EF 185 1.15 213 425 0
FG -198 1.5 -297 -87 -509
GH -515 2.75 -1420 -1208 | -1632
HJ -170 1.5 -255 -43 ~-467
JK 280 1.25 350 562 138
KA 618 1.75 1081 | +212| 1293 869
4-48
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Tip (Sta. 180)
BM = 1.05 X 10® 1n. 1b.
Shear = 27,500 Lb.

Torque = +500,000 In. Lb. (Assumed)

1. Axial Loads (Geometry and I/t as at root)

] Distance From Front Spar (Inch)
(F.S.) (R.S.)
| "o 10 15 20 30 | 41.7
Nyu Lb./In. -1835 | -2315 | -740 | -2230 | -1790 | -946
Nyr, Lb./In. 1920 2160 | 2160 2160 1860 | 1260

2. Shear Distribution

2010 - E
p 422% - 11298 M~ s
1094 94) Y
D~ —E
2129 1395
A L K J s == T8 B
1960  IZ00- " Bl2
9so 248 311
Tﬂﬁ 1’ “ R P L
i - - 119
1095 L : 1455
_ 1388
o - - - s il
900 140 248
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At root select layup 8; ¢ = 0.5"

b

Nxcr

L]

12.0 effective
20200 Lb./In.

2880 Lb./In.

~10200 Lb./In.

1372 Lb./In.

.505

.477; Ro + Rg = 982

1

e =1 = 0,02
.982

At tip select layup A; ¢ = 0.,5"

16000 Lb./In.
2760 Lb./In.
-2440 Lb./In,
1650 bb./In.
.15z
.597

1

S =1 = 0.3
.152+.597 3

4-50
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Panels CD, DE, and EF

Layup A will be satisfactory by
compariscn with panel BC

Panel FG

At rct select layup C with ¢ = 0.6"

[y
3

o ————

b = 22" effective

[T M, W g
. - . 2, T ] 4 g e Suinit el -
e P A B A T  ERTTY e Al L EC R

N = 10,400 Lb./In.

§ o

dor = 3010 Lb./In.
= -8280 Lb./In.

g = 509 Lb./In.

L ] - .y e ——
A
=
|

oy Ry = .796
k =
. Rs = .169
MoS. = l _l = 0.03
]‘ . 965
‘é At tip select layup A with ¢ = 0.6"
1 ]
g ! Qop = 2760 Lb./In.
' ;;2. d
¥ N, = -2230 Lb./In.

311 + 2/3 (1114) = 1058 Lb./In.

o]
it

ol
]
.
w
o
W

4-51

T e O RPN e BRSPS, AU e g
NS S el e A el e

=

77

]

Iw

0
C
W
D



AT

THRORTRNTE

R i £ RN

R

- ar 8

L T

M S

e S
R AY

« , _};"-:y-,‘ 0,

<

D222-10060-2

Lower Cover

R N e

To allow for taxi conditions, assume design compression

load = .4 X Design Tension Load Case

- n
Assume b ¢¢ 40
Compression Case
g == 400 1lb/in.

[(10690 X 5 + 8640 X 10 + 8020
AV X 10 + 7800 X 10 + 7000 X 6.7)
/41.7] X 0.4

2
=
it

= 3310 1lb/in.

Select layup C with c 0,7"

NXCR = 4125 1b/in.

deg = 3010 1b/in.

Ro = ,802

o M.b = _.-—l_. = .07
,935 ——

At tip; layup A with ¢= 0,7"

Ny, = 2400 1b/in,

der = 2760 1b/in.

N = .4
X . [1920 x 5 + 2160 X 20 + 1860
/ AV ITT "% 10 + 1260 X 6.7]

= «765 1b/in,
qay = 1200 1b/in,

Re = .323
Rg = .435

o M.S.e= 1 -1 = 0,32
L7158
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Check Tension Case

,154 (178 X .545 + 22 X .182 + 10 X .273) X 10°

At root NX
ALL

= 16000 1lb/in.

darn, = 3010 1b/in.
Nx = 10690 1b/in.
q = 1293 1b/in.

Layup C is inadequate over forward portion -~ use 2
additional layers at 0° over forward 20" then

Ny , = .168(17.8 X .584 + 22 X .166 + 10 ¥ .25) X 10°

= 18550 1b/in.

= .168(9 X .584 + 9 X .25 + 67 X .166) X 10°

= 3130 1b/in.

Ry = .576

S MWS. = 1= 01

= .126(178 X .666 + 22 X .222 + 10 X .111) X 10°
= 15530 1b/in.

At tip

= 2760 1b/in.

9ALL

Ntyay = 2160 1b/in.
Qyay = 1960 1b/in.
Rp = .139

Rg = .71

. _ 1,
.. MQSQ - —.'m 1 .18
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Front Spar

At Root

OB, T LT

= 2572 1lb/in.

R

e

Imax
As the spar is assumed to be effective in bending,

design for an average axial load of + 5000 1b/in.

3 ARY - Sl

heff = 12"
- Layup D nego =12 = ,545
; 3 ne+45° = 8= ,364
: ne@oo = 2= .,091
;
te = 0.5X 22 X ,007 = ,077
cC = 0.7%
1076Ex = (30 X .545 + 3 X .364 =) 17.41 1b/in?
. 107%Ey = (30 X .111 + .364 =) 4.42 1b/in?
t 1076 = (.545 + ,091 + 8,8 X .364 =) 3,84 1b/in?
’ uxy = 0.42

L byx = 0.42 X yotgs = .106

. 1
D wov =108 x gl X 422 - 8,99 x 106 1b/in,?
i .

? : h = 12"
N = 2.5 7% x 8,99 x 106 x ,077 X .7 X .,777
*cR 2 x 122

N e L
.

32000 1b/in.

154 (300 X ,545 + 30 X .364 + 25 X ,091)X 10
2720V 1b/in,

N
XuLr
(Fully
Stable)

s e N
(]

:F'
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Allowing for ultimate capability and effective modulus effects

D222-10060~2

use NXCR = 25000 1lb/in.

with V
a

b

b/a

E /A

CR

ULT

and M.5. =

At tip

N
Xav

0.1
25"
12“
.48

KM=3

8.99 X 10° 1b/in.2

777"
12K(h)? E° (aeg)

7 \b) Tx

2 2
3m 6 777
a2 x<:o77 X 8.99 X 10 ) QTETQ
43.1 x 104 1b/in.

= .154(9 X .545 + 9 X .091 + 67 X .364) X 10°

4450 1b/in.

W2

.58
1

-] = 0,28
-5 "1

2125 1b/in.

+ 1000 1b/in.

For layup A with C = 0.7

9pLL
NXaLL®
RC =
Rg =
O‘O M.S., =

= 2760 lb/in.

24000 1b/in.

.041

.77 Page
l -1=0,23 4-55
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Rear Spar

At root

IMaAx

NXav

1632 1b/in,

+ 3500 1lb/in.

Use layup A with C = ,6"

9ALL
NXaLL
Rc =
Rg =
<o M.s, =

At tip

:

2760 1b/in.
1900 1b/in,

+185

«592

1
.787

1455 1b/in,

600 1lb/in,

i+

=6 .50

4 = ,333

2 = ,167

= 0.6"

= 0.5 X 12 X.007 =

= 0.4
= 0.4 X 5

-1 = 0.

28

.15

D222-10060-2

.042

= 106 x\/

4-56

lo X 6 °

= 10,1 X 106 1b/in.2
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h = 12"
- 72 X 10.1 X 10% X 042 X .6 X .642
CR 2 X 122

= 14000 1b/in.

= ,084(300 X .50 + 30 X .333 + 25 X .167)

ULT  x 10° = 13800 1b/in.

= 12000 1b/in,

= 0.1
= 25"

= 12"

b/a = ,48

=KM=3
10.1 X 10% 1b/in.?2
= 642"

2 6 2
3m 642
37X .042 X 10.1 X 10 X (737}

18000 1b/in.

L084(9 X .50 + 9 X .167 + 67 X .333) X 103
2380 1b/in.

.05

.61

1 -1 =0.5

.66

4-57
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Corner Gussets

Gussets are required at all corners to carry torsional shear

and at C, D, E and F to stabilize panel.

Maximum shear flow for design = 1300 1lbs/in.

with Tall (XP251~"S“ Glass) = 48000 psi X-Ply

s AV, “t° required = .027"
Minimum practical thickness = 4 X ,010 - ,040"

(2, + 45° layers each side of joint)

But for efficient design the “AG” for the gusset should be
about+ =qual to “AG” of shell
Use properties of layup B without core
“AG” shell/in. = 2.56 X 10% x .14

= .358 x 10% 1b/in.

G for XP251-S, X-PLY

*

o = 3358 .
LK) REQ 2.4

2.4 x 10% 1b/in2

.15 i.e. 15 layers

For practical deisgn use 16 layers, i.e. .16" thick.

4-58
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4.5.4 WING STIFFNESS

The effective values of EI and GJ are given by

1 n 2 n
2
_ 4A
1 Git

i
The distribution of Ey, G and t for the root and tip sections

are showa below,

P SR A A i

-

N W

! ., . [Ex= 16.0
4. G = 3.6
“ -4& = ,084"
: - G = 2.73 , '

v t = 1126" PR -7

— T

(Note: Ey and G in 10° 1b/in? units)
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From the tabulated data, stiffness at root section (Station 30)

(8773.8 + 172.2) x 10°

I

(EI)X EFFECTIVE

8946.0 X 1065 LB IN.2

(E1) REQUIRED 7960 X 10% LB IN.Z2

4 X 4712
296.277 X 10”6

(GJ) EFFECTIVE

299t x 10° LB IN.Z

2

(GJ) REQUIRED 1600 LB IN.

Similarly at tip section (Station 180)

8536.5 X 10% LB IN.Z

]

(EI)X EFFECTIVE

6 2

(EI) REQUIRED 6450 X 10~ LB IN.

(GJ) EFFECTIVE

4 X 4712 6 2
= 2682 X10” LB IN.
330.899

2

(GJ) REQUIRED 1600 X 10% LB IN.

Hence, design is satisfactory.
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4.6 WEIGHTS SUMMARY - COMPOSITE WING FOR SAR AIRCRAFT

ITEMS
+ COVERS
. CORE

. JOINTS & GUSSETS

. RIBS

. ADHESIVES

. NACELLE ATTACHMENT STRUCTURE

. LEADING & TRAILING EDGES, FAIRINGS

. SPLICES, FASTENERS, MISC.

TOTAL WING WEIGHT PER AIRCRAFT

4-62

WEIGHT (LB)

415

50

67

40

24

80

169

30

875
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5.0 DEVELOPMENT FLAN

Presentec ir *his sect ~n is a development plan for the incor-
poration of a composite wing box on an existing NASA tilt rotor
regearch aircraft. Cost and schedules were daveloped on the
basis of modifying an existing aircraft following completion

of its flight test program.

5.1 DESIGN

The conceptual design of the main spar torque box would be
identical to that described in the preceding section for the
SAR aircraft, For the research wircraft, the wing could be
resized to meet the existing NASA aircraft,and to minimize
cost only the main torque box would be built of composites,
The existing metal auxiliary surfaces would be attached to

the composite spar. Fabricating auxiliary surfaces from com-
posites has been demonstrated on previous projects sc that
demonstration of the spar box itself would be the prime objec-

tive of the program.

The design effort would mainly consist of the establishment of
a final design for the composite wing box wi.h provisions for
interfacing systems and attached conponents (i.,e., flaperons,
spoilers, etc.) and fuselage attachment from an existing tilt

rotor aircraft,

5-1
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The following SFE components from the existing tilt rotor

PN T T N
el S AN S

. i

g AR AT

aircrafi, assumed to be available in the 1978 time frame,
would be installed in the wing:

. Engines

. Nacelles
. Shafting

. Surface controls - L.E. umbrellas, i
flaperons, spoilers

Controls :

. Transmissions

TR e Wt
L]

Tilt mechanism

<
L

5.2 FABRICATION AND ASSEMBLY

e S

- The manufacturing effort includes the fabrication of test ;
specimens, attachment fittings, tooling, a tool proving wing

box and a flight wing box,

The Government supplied hardware from an assumed existing tilt

rotor aircraft would be installed in the wing and final wing

~ v e

i B v 2 T N S SO R

assembly would be accomplished at the contractor's fa_ility.

-

Following the completion of tha flight wing assembly with

resea;ch i1nstrumentation installed and calibrated, it wiil be

o

shipped to NASA for installation on the existing tilt rotor

research aircraft,

P ]
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5.3 TESTS AND EVALUATION

5.3.1 Bench Tests
The bench test effort includes the design and fabricatior of
test fixtures, instrumentaticn and calibration of test speci-

mens, porformance of tests and preparation of test reports.,

The type of tests planned are:
. Coupons - crack piopagation and .atigue
. Panels - compression and shear
. Joints - tension and shear
. Adhesive compatibility
. Wing section - ultimate load
. Full scale wing - proof and dynamic shake
. Wing root attachment - proof
. Tool .._oving

. Environmental

5.3.2 Ground and Flight Tests

The ground and flight test program included in this estimate

consists of the following:
. Proof load controls
. System functionals
. Dynamic shake

. Safety of flight review

5-3
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. Pre-flight checks
. Helicopter mode

. Transition and fixed winc mode

The time span considered from shipment of wing assembly
through flight tests is approximately 6 months. Boeing
vertol's effort during this period is in support of NASA
personnel who will install the wing on the aircraft per Boeing
furnished instructions and perform the necessary grouné and

flighkt checks.

The planning costs presented are based on projected CY 1577
planning dollars which is intended to represent an average for

the period of performance.
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Cost and schedule data comprising pages 5--5 tc 5-8 has been

removed from this volume since it is considered proprietary

information to the Boeing Vertol Company.
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